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(54) Optical transceiver amplifier

(57) Systems and devices for use as optical trans-
ceivers and amplifiers in optical networks. An optical
transceiver/amplifier has two optical signal circulators,
each of which receives one incoming signal and transmits
one outgoing optical signal. Each circulator combines its
incoming and outgoing signals on to a bidirectional opti-
cal connection internal to the transceiver amplifier. Be-
tween the two circulators are a pump laser, an optical
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coupler to couple the pump laser’s power into the bidi-
rectional connection, and an amplifying medium for am-
plifying the bidirectional signals internal to the transceiver
amplifier. The amplifying medium may be an Erbium
doped fiber which would amplify any optical signal pass-
ing through it. In one embodiment, the transceiver am-
plifier is in a self-contained package that is pluggable into
existing equipment using pre-existing ports and interfac-
es.
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Description

FIELD OF THE INVENTION

[0001] The presentinvention relates to optical devices
for use in optical communications networks. More spe-
cifically, the present invention relates to an optical am-
plifier to be used next to a receiver/transmitter. In other
words, the present invention relates to an optical trans-
ceiver amplifier which, in one embodiment is also plug-
gable into existing optical networking devices.

BACKGROUND TO THE INVENTION

[0002] The field of telecommunications experienced
an explosive growth in the last decade of the 20th century.
Optical networking came to the forefront as being the
technology of choice for some long-haul communications
applications.

[0003] One of the advancements in optical networking
during that time was the continuing development of the
optical amplifier. Currently, optical amplifiers are widely
used in today’s fiber optic networks to amplify weakened
signals. The invention of the optical amplifier made wave-
length division multiplexing (WDM) possible. With optical
amplifiers, repeaters can simultaneously amplify trans-
mission signals transmitted through multiple optical
wavelengths without the need to demultiplex the signals,
convert each signal into an electrical signal, regenerate
and then remultiplex the signals.

[0004] However, with the advancement in technology
and materials, the cost of amplifiers has dropped dra-
matically, almost 10 times in the past 8 years. This steep
decline in price renders single wavelength amplification
a viable solution in certain applications such as those
which involve extremely high data rates. These high data
rates may lead to transmitters outputting weaker signals
compared to lower data rates.

[0005] In these and other transmission systems, opti-
cal amplifiers have always been a fixed component. If
the amplifier becomes defective, the whole circuit card
containing the amplifier needs to be replaced.

[0006] Optical amplifiers also have a slight drawback
in that they are uni-directional by nature. In most ampli-
fiers, there is an input and an output. However, in the real
world, signals propagate in a minimum of one fiber pair
- one fiber for east to west, and another fiber for west to
east.

[0007] Optical amplifiers also have another drawback
-- they have a weakness which causes optical transients
when its input undergoes a sudden change. In a previous
invention, there was disclosed a method to counter such
optical transients (most often caused by fiber a cut). The
large transient is especially damaging to optical receivers
due to the limited range accepted by the receiver. For
example, a 10Gigabit receiver has an upper receiving
power limit of -8 dBm. However, when there is an optical
transient, the peak power may reach well beyond 0 dBm
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momentarily, causing the receiver not only to become
saturated, but also causing the destruction of the receiv-
er’s internal semiconductor structure by the large pulse.
[0008] There is therefore a need for devices and sys-
tems which mitigate if not overcome the shortcomings of
the prior art.

SUMMARY OF THE INVENTION

[0009] The present invention provides systems and
devices for use as pluggable optical transceiver amplifi-
ers in optical networks. A pluggable optical transceiver
amplifier combines both a booster amplifier and a receiv-
er amplifier (often also called pre-amplifier) into one, to
be placed next to the transmitter/receiver (transceiver),
and is pluggable in order to decrease initial equipment
cost.

[0010] A pluggable optical transceiver amplifier has a
mechanical design using standard parts allowing it to be
hot-pluggable, has two optical signal circulators, each of
which receives one incoming signal and transmits one
outgoing optical signal such that it amplifies both trans-
mitting and receiving signals. Each circulator combines
its incoming and outgoing signals on to a bidirectional
optical connection internal to the transceiver amplifier.
Between the two circulators are a pump laser, an optical
coupler to couple the pump laser’'s power into the bidi-
rectional connection, and an amplifying medium for am-
plifying the bidirectional signals internal to the transceiver
amplifier. The amplifying medium may be an Erbium
doped fiber which would amplify any optical signal pass-
ing through it. In one embodiment, the transceiver am-
plifier is in a self-contained package that is pluggable into
existing equipment using pre-existing ports and interfac-
es.

[0011] In accordance with a first aspect of the present
invention there is provided an optical transceiver ampli-
fier for receiving, transmitting, and amplifying optical sig-
nals in both transmitting and receiving paths combining
both booster amplifier and pre-amplifier into one, the
transceiver amplifier comprising:

- a first optical signal circulator having a first bidirec-
tional optical connection for carrying two optical sig-
nals being propagated in opposite directions, said
first circulator being for receiving a first internal input
signal to be transmitted through said first bidirection-
al connection, saidfirst circulator also being for trans-
mitting a firstinternal output signal received from said
first bidirectional optical connection

- apump laser for providing power to at least one op-
tical signal

- a WDM coupler for coupling said pump laser to said
first bidirectional optical coupler such that optical
power from said pump laser boosts a power of any
optical signals in said first bidirectional optical con-
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nection

- a second optical signal circulator having a second
bidirectional optical connection for carrying two op-
tical signals being propagated in opposite directions,
said second circulator being for receiving a second
internal input signal to be transmitted through said
second bidirectional connection, said second circu-
lator also being for transmitting a second internal out-
put signal received from said second bidirectional
optical connection

- an amplifying medium for amplifying optical signals,
said amplifying medium being coupled between said
WDM coupler and said second optical circulator, said
amplifying medium coupled to said second circulator
by way of said second bidirectional connection.

[0012] In accordance with a second aspect of the
presentinvention, there is provided an optical transceiver
amplifier that is hot-pluggable in the field. It comprises a
mechanical setup in the similar way as standard plugga-
ble optical transceivers such as XFP. It makes the trans-
ceiver amplifier an easy option to add on during service
such that the operator does not need to pay for the am-
plifier at the beginning if it is not needed, often because
of lower capacity requirements at the beginning of the
equipment life. The operator can then plug in a pluggable
transceiver amplifier when higher capacity requirements
make it necessary to use additional amplification.
[0013] Inaccordance with another aspect of the inven-
tion, the pluggable transceiver amplifier utilizes the na-
ture of the amplification medium and the regular trans-
mission system setup. A pre-amplifier typically suffers
transient overshoot/undershoot and this causes damage
to the receiver due to a fiber cut. The transmitting path
often has a very high input signal level making the am-
plification medium, such as Er doped fiber, saturated
while the receiving path has most of time, a low level
input signal and, as such, the amplification of such signal
on the receiving path requires minimum amplification ef-
fort. As consequence, combining the 2 paths into one not
only makes it economical while keeping a small footprint
to allow a pluggable design, but also the nature of the
transmitting and receiving path signal characteristics are
combined to waste no resources in suppressing a tran-
sient effect.

BRIFF DESCRIPTION OF THE DRAWINGS

[0014] A better understanding of the invention will be
obtained by considering the detailed description below,
with reference to the following drawings in which:
[0015] Fig 1 illustrates two branches of an optical com-
munications system according to the prior art;

[0016] Fig2is anillustration of an oscilloscope picture
showing a large transient pulse;

[0017] Fig 3illustrates an optical communications sys-
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tem using one embodiment of the present invention;
[0018] Fig 4 illustrates a detailed block diagram of one
embodiment of the invention;

[0019] Fig 5 illustrates a more detailed block diagram
of another embodiment of the invention; and

[0020] Figures 6a, 6b, 6¢ illustrate a pluggable trans-
ceiver amplifier according to one aspect of the invention;
and

[0021] Figure 7 is a block diagram of an internal struc-
ture of a pluggable unidirectional optical amplifier.

DETAILED DESCRIPTION

[0022] As noted above, known optical amplifiers suffer
from a number of drawbacks. A standard optical amplifier
application is as illustrated in Fig 1. The system in Fig 1
illustrates a typical two-way optical communication sys-
tem. One branch has a transmit end 10 and a receive
end 20. The other branch also has a transmit end 10A
and areceive end 20A. As is commonly known, a booster
optical amplifier 30, 30A is usually placed right after the
transmitter 10, 10A where the input optical power is gen-
erally high. For this application, the optical amplifier re-
quires high pump power as it usually needs to boost the
final output power up, often to a gain of about 10 to 15
dB. On the receive side, a pre-amp Optical amplifier 40,
40A is usually placed just prior to the receive end 20,
20A. Because of the weak signal input, minimal pump
power is needed for significant gain in signal strength.
However, because of the weak input, the majority of any
pump power used at this receive end of the transmission
is wasted as it merely generates optical noise, which, in
turn, degrades the signal to noise ratio. Thus, for real
applications, the gain for a pre-amplifier optical amplifier
is often limited to avoid generating optical noise (called
ASE - amplified spontaneous emission, a character of
Erbium doped fiber).

[0023] Because of these factors, the utilization of op-
tical amplifiers in the above configuration is not optimum
due to the waste of significant amounts of pump power
at the pre-amplifier configuration. In addition, because of
the nature of Erbium’s physics, a sudden drop in the input
signal (due to a fiber cut for example) causes a large
pulse in the output power. This is due to the sudden pop-
ulation change in the upper energy level of Er ions. Re-
ceivers (such as receivers 20, 20A in Fig 1) are often
damaged due to such large pulse. As illustrated by the
scope picture of Fig 2, when input power drops (pink line),
output power (yellow line) has a huge transient pulse.
[0024] One solution to the above issue is that of using
a single optical amplifier for both the booster and the pre-
amp applications. Because pre-amp does not need much
pump power, the pre-amp and the booster can be co-
located and can share the same set of amplifier compo-
nents. Referring to Fig 2, the system in Fig 1 can be
redrawn with similar components having the same refer-
ence numbers. The main difference between Fig 1 and
Fig 3 is that in, in Fig 3, a single component transceiver
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amplifier 50, 60 is used just prior to each transmitter 10,
10A and each receiver 20, 20A. Each transceiver ampli-
fier 50, 60 receives and transmits two signals -- one from
each branch of the system. Thus, from the transmit end
10, transceiver amplifier 50 (in the booster ampilifier role)
receives a signal and amplifies it for transmission to the
transceiver 60. Transceiver 60, in turn, amplifies this re-
ceived signal (in the pre-amp role) and transmits it to the
receive end 20. Similarly, transceiver 60 (in the booster
role) receives a signal from transmit end 10A and ampli-
fies this signal for transmission to the transceiver ampli-
fier 50. The transceiver 50 (in its pre-amp role) amplifies
this signal and transmits it to the receive end 20A.
[0025] Each transceiver amplifier 50, 60 in Fig 3 ac-
complishes its function by having a single amplifying me-
dium or amplifying subsystem to amplify signals being
propagated in opposing directions. One configuration for
such a transceiver amplifier is illustrated in Fig 4.
[0026] Referring to Fig 4, a transceiver amplifier 100
is illustrated. A first optical circulator 110 receives a first
internal input signal 120 and transmits a first internal out-
put signal 130. The first optical circulator 110 also has a
first bidirectional connection 140 which carries a bidirec-
tional signal composed of signals that will be output by
the circulator 110 as the first output signal 130 and signals
that was received by the circulator 110 as the firstinternal
input signal 120. Similar to the first optical circulator 120
is the second optical circulator 150. This optical circulator
150receives a secondinternal input signal 160 and trans-
mits a second internal output signal 170. A second bidi-
rectional connection 180 is coupled to the second circu-
lator 150. The second bidirectional connection 180 also
carries bidirectional signals that are versions of the sec-
ond internal output signal 170 and of the second internal
input signal 160.

[0027] Between the first and second bidirectional con-
nections 140 and 180 is coupled an amplifying subsys-
tem 190. The amplifying subsystem 190 amplifies the
optical signals that passes through it, regardless of
whether the signal is propagating from the first circulator
110 to the second circulator 150 or from the second cir-
culator 150 to the first circulator 110.

[0028] One possible configuration for the amplifying
subsystem 190 is that illustrated in Fig 5. As can be seen
from Fig 5, the amplifying subsystem 190 has a pump
laser 200, a WDM coupler 210, and an amplifying medi-
um 220. The pump laser 200 provides pump power to
the signals being propagated in either direction and the
pump laser 200 is coupled to the coupler 210 for this.
The first bidirectional connection 140 is coupled to the
coupler 210 which, in turn, is coupled to the amplifying
medium 220. The amplifying medium is coupled to the
second bidirectional connection 180. In one embodi-
ment, the amplifying medium is an Erbium doped fiber.
[0029] It should be noted that optical circulators, such
as optical circulators 110, 150, are well-known in the art
as devices which allow the combining into one optical
fiber of two optical signals being propagated in different
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or opposing directions.

[0030] The configuration in Fig 5 has a number of ad-
vantages. Because of the dominance of the input signal
from the transmission side (where the transceiver ampli-
fier is being used as a booster amplifier), the overall am-
plifier gain is dominated by the booster while pre-amp
signal still shares the same amplification medium, i.e. the
pump laser and the amplifying Erbium Doped Fiber. With
this configuration, the pre-amplifier gain is the same as
booster gain, making the gain uniform for both fibers of
the fiber pair (see Fig 4).

[0031] This advantage explained above arises by po-
sitioning the transceiver amplifier proximate or close to
the transmitting end of a first receiver/transmitter pair and
proximate or close to the receiving end of a second re-
ceiver/transmitter pair. By doing this, since the transmit-
ter of the first receiver/transmitter pair outputs a strong
signal (usually in the order of 0 dBm) and since the re-
ceiver of the first receiver/transmitter pair receives a rel-
atively weak signal (usually in the order of 25 to 35 dB
below the transmitter signal strength), the strong trans-
mitter signal will lock the gain and the receiver signal can
be amplified with little pump power. The transmitter signal
will consume most of the pump power from the pump
laser while the receiver signal will still be amplified.
[0032] Another advantage to the configuration is that
the large transient pulse is avoided. Since the transceiver
amplifier pump power is used mostly by the signal that
uses that the transceiver amplifier as a booster, overall
amplifier gain is still locked by this strong signal input. If
the signal propagating in the other direction (the signal
which uses the transceiver amplifier as a pre-amp) dis-
appears, there is no large transient pulse for the power
is still being used by the signal which uses the transceiver
amplifier as a booster. In this way, the large transient
pulse, and the attendant possible damage to the receiver
circuitry, is avoided.

[0033] This use of a single transceiver amplifier to am-
plify two signals (one going one direction and another
propagating in the other direction) also allows for tighter
physical packaging and makes possible a pluggable op-
tical transceiver amplifier. Such a pluggable transceiver
amplifier (pluggable into existing optical networking de-
vices) would be constructed to have similar physical and
mechanical limits and specifications as that used by well-
known SFP (small form factor pluggable) and XFP optical
transceivers.

[0034] As an example of a pluggable transceiver am-
plifier, such a device would have a similar but larger cage
as XFP and SFP transceivers. Similarly, the pluggable
transceiveramplifier would also use the same connectors
as XFP and SFP transceivers. A diagram of such a trans-
ceiver amplifier is illustrated in Figures 6a, 6b, 6c.
[0035] Referringto Figs 6a, 6b, 6¢, three views of such
a pluggable module is illustrated. Fig 6a is a top down
view of the transceiver amplifier. Fig 6b illustrates a side
view of the transceiver amplifier while Fig 6c¢ illustrates
an end view of the transceiver amplifier showing two input
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and two output plugs of the device. The upper right corner
of Fig 6a illustrates a connector which would mate with
existing equipment to make the device removably plug-
gable into existing equipment.

[0036] It should be noted that such a pluggable trans-
ceiver amplifier provides advantages that other trans-
ceivers or amplifiers do not. Specifically, such devices
would utilize existing transceiver fixtures and electrical
interfaces, thereby minimizing the cost from both the de-
sign, and user/application points of view while at the
same time providing for an amplifier for any future needs.
As an example, if a network initially has 1 or 2 channels,
the transceivers will have enough of a loss budget. How-
ever, if, at a later date, an upgrade is desired to add more
channels, they may need to add an amplifier due to signal
strength losses attributable to other factors such as a
multiplexer. In this example, the presence of the amplifier
would allow for a quicker and easier upgrade.

[0037] Another advantage to such pluggable trans-
ceiver amplifiers is due to the increasing popularity of
10G Ethernet and 40G high data rates. For a 10G switch,
router, or any other 10G optical device, providing a rel-
atively cheaper plug for a pluggable optical amplifier
would allow switches, routers, and high data rate servers
to instantly reach much longer distances or to overcome
lossy transmission links whenever such a capability is
needed.

[0038] It should further be noted that while the above
description describes a bidirectional transceiver amplifi-
er, a pluggable unidirectional optical amplifier is also pos-
sible. Such a pluggable unidirectional optical amplifier
may have an internal structure illustrated in Figure 7.
[0039] Referring to Figure 7, an optical input 300 is
received by an optical coupler 310. The optical coupler
300 also receives the output 320 of a pump laser 330.
The output of the optical coupler 300 is then received by
an amplifying medium 340. The output of this amplifying
medium 340 is the output 350 of the unidirectional optical
amplifier.

[0040] The pluggable unidirectional optical amplifier
may be placed adjacent either the transmitter or the re-
ceiverinatransmitter/receiver pair. Ifitis placed adjacent
to the transmitter, it would boost signal received from the
transmitter prior to being transmitted to the receiver. If it
is placed adjacent the receiver, it would amplify the weak
signal received from the transmitter. The amplified signal
would then be received by the receiver of the transmitter/
receiver pair.

[0041] The pluggable unidirectional optical amplifier
would have similar mechanical and physical character-
istics as the transceiver amplifier. The pluggable optical
amplifier may have a similar but larger cage as XFP and
SFP transceivers. The device would also use the same
connectors as XFP and SFP transceivers. The pluggable
unidirectional optical amplifier may have a configuration
similar to that illustrated in Figs 6a-6¢. A cage would sur-
round the optical amplifier and the cage would have suit-
able ports or plugs which would allow input and output
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signals to couple to the device. A suitable connector (as
shown in the upper right hand corner of Fig 6a) to existing
equipment would allow the module to be removably plug-
gable, possibly hot-pluggable, into existing equipment.
[0042] It will be apparent to those skilled in this art that
various modifications and variations may be made to the
embodiments disclosed herein, consistent with the
present invention, without departing from the spirit and
scope of the present invention.

[0043] Other embodiments consistent with the present
invention will become apparent from consideration of the
specification and the practice of the invention disclosed
therein. Accordingly, the specification and the embodi-
ments are to be considered exemplary only, with a true
scope and spirit of the invention being disclosed by the
following claims.

Claims

1. An optical transceiver amplifier for receiving, trans-
mitting, and amplifying optical signals in both trans-
mitting and receiving optical paths, the transceiver
amplifier comprising :

- a first optical signal circulator having a first bi-
directional optical connection for carrying two
optical signals being propagated in opposite di-
rections, said first circulator being for receiving
a first internal input signal to be transmitted
through said first bidirectional connection, said
first circulator also being for transmitting a first
internal output signal received from said first bi-
directional optical connection;

- a pump laser for providing power to at least
one optical signal;

- a WDM coupler for coupling said pump laser
to saidfirst bidirectional optical coupler such that
optical power from said pump laser boosts a
power of any optical signals in said first bidirec-
tional optical connection;

- a second optical signal circulator having a sec-
ond bidirectional optical signal connection for
carrying two optical signals being propagated in
opposite directions, said signals being propa-
gated in opposite directions, said second circu-
lator being for receiving a second internal input
signal to be transmitted through said second bi-
directional connection, said second circulator al-
so being for transmitting a second internal output
signal received from said second bidirectional
optical connection;

- an amplifying medium for amplifying optical sig-
nals, said amplifying medium being coupled be-
tween said WDM coupler and said second opti-
cal circulator, said amplifying medium coupled
to said second circulator by way of said second
bidirectional connection;
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whereby both a booster amplifier and pre-amplifier
are combined in said transceiver amplifier.

An optical transceiver amplifier according to claim 1
wherein said amplifying medium is an Erbium doped
optical fiber.

An optical transceiver amplifier according to claim 1
wherein said transceiver amplifier is removably plug-
gable into existing optical networking equipment.

A method for boosting a transmitted optical signal,
the method comprising :

a) combining a transmitted optical signal and a
received optical signal in a single bidirectional
optical fiber to result in a bidirectional optical sig-
nal, said transmitted optical signal being propa-
gated in a direction opposite said received opti-
cal signal;

b) boosting said bidirectional optical signal by
providing a pump laser adjacent a transmitted
from which said transmitted optical signal is
transmitted;

¢) amplifying said bidirectional optical signal by
providing an amplifying medium adjacent a point
on said bidirectional optical fiber where said
pump laser is coupled into said bidirectional op-
tical fiber.

A method according to claim 4 wherein step a) is
accomplished by using an optical circulator.

A method according to claim 4 wherein said method
further comprises

d) splitting said bidirectional optical signal into
said transmitted optical signal and said received
optical signal.

An optical transceiver amplifier according to claim 1
wherein said transceiver amplifier is self-contained
in a pluggable module.

An optical transceiver amplifier according to claim 7
wherein said pluggable module is pluggable into ex-
isting optical equipment.

An optical transceiver amplifier according to claim 1
wherein said optical transceiver amplifier is in a self-
contained pluggable optical module, said module be-
ing for use with existing equipment, said module
comprising:

- a cage for surrounding said optical transceiver
amplifier;

- at least one input port and at least one output
portfor receiving and transmitting optical signals

10

15

20

25

30

35

40

45

50

55

10

to and from said optical transceiver amplifier;
and

- a connector for interfacing said optical trans-
ceiver amplifier with existing optical equipment.
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